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Abstract 
This article address a mathematical description of a closed loop system of an active front-end (AFE) rectifier. The AFE rectifier 
has been considered as a two-dimensional linear object and its mathematical description has been presented. Synthesis of 
regulators have been carried out by the step-by-step correction principle. The mathematical model has been made in 
Matlab/Simulink program. The mathematical description of AFE rectifier as an object of controlling allows us to conclude that it
is complex nonlinear system, and the synthesis of control system should be carried out based on the linear model for referents 
operation conditions.  
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1. Introduction 
There are a lot of consumers requiring adjustable voltage or current and bidirectional power flow. These 
consumers are used in electric drives and automated systems of technological processes [1, 2]. Power frequency 
converters are a famous part of automation control systems of industrial installations. These converters are designed 
to regulate difference parameters of electric drives and an operation of power systems. A lot of modern power 
converter topologies work based on pulse wide modulation (PWM) methods [3, 4]. Currently, the power frequency 
converters for powerful industrial installations include active front end (AFE) rectifiers, which convert an alternation 
current (AC) voltage to a direct current (DC) voltage. The main reasons of a wide application of the AFE rectifiers at 
industry are the following advantages [5]: bidirectional power flow, acceptable electromagnetic capability (EMC), 
power factor correction, and high dynamic accuracy of regulating current and DC voltage [6]. 
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Nomenclature 
iabcAFE three phase current of AFE rectifier 
uabcAFE  three phase voltage of AFE rectifier 
LabcAFE equivalent inductance at the input of AFE rectifier 
RabcAFE equivalent active resistance at the input of AFE rectifier 
uabcgrid three phase voltage of the grid 
idcAFE DC current of AFE rectifier 
idcload DC current of a load 
idc DC current on the capacitor 
Cdc equivalent capacitance of DC 
udc DC voltage 
p Laplace operator  
udqgrid voltage of the grid in dq reference frame 
udqAFE voltage of AFE rectifier in dq reference frame 
idqAFE current of AFE rectifier in dq reference frame 
Ȧgrid rotation speed of dq reference frame (rotation speed of voltage grid vector) 
SAFE apparent power of AFE rectifier 
Kl linearization factor 
2. Problem definition 
Currently, AFE rectifier as a linear object of controlling is not considered at scientific works and synthesis of a 
closed loop system is a difficult task. The main aim of this paper address issues of mathematical description of AFE 
rectifier, the synthesis of closed loop system and modelling in the Matlab/Simulink.  
3. AFE rectifier as a linear object of controlling 
The schematic circuit of AFE rectifier is presented in Fig. 1. This circuit is simple to synthesis a control system 
and develop mathematical description. The main elements of AFE are a three-phase bridge based on 
semiconductor modules, a reactor, a filter at the AC mains and a direct current (DC). 
Fig. 1. Schematic circuit of AFE rectifier 
A system of equations has been made based on the second laws of Kirchhoff and the ideal power semiconductor 
switches, a symmetric system of the grid voltages, and an equality of active resistance and inductance have been 
taken. The system of equations is as the following: 
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The rotating reference frame dq is common used to develop a mathematical description for symmetrical three 
phase systems. If the dq transformation is applied for the system (1), a new system of equations will be as the 
following: 
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The power balance equation between AC and DC side is as the following: 
dcdcAFEqAFEdridgdAFE iuiiuS   
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On the basis of the equation (3) the magnitude of DC current is defined as the following:  
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The block diagram of AFE rectifier as an object of controlling is shown in Fig. 2 based on the equations (2), (3), 
and (4). 
Fig. 2. Block diagram of AFE rectifier as an object of controlling 
The block diagram consists of two parts: The first part is linear dimensional current loop with antisymmetric 
cross-connection and the second part is DC voltage loop based on an integer transfer function. A relationship 
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between reference voltage signal and output AFE voltage is determined by transfer function with small time constant 
Tμ and gain KPWM.
Transient process in the DC at unit power factor are described based on the following equation: 
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Taylor series expansion of three variables non-linear function F(x, y, z) around a set conditions F(x0, y0, z0) can be 
used to approximate the equation (5). The formula of linear approximation is as the following:  
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Linear approximation of the equation (6) for a dependence between DC voltage and DC current around the set 
point, which is determined by the rated DC voltage, is as the following: 
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4. AFE rectifier closed loop system in Matlab/Simulink 
Synthesis of regulators is carried out by the step-by-step correction principle. Transfer functions of the closed 
current loops in axes d and q are as follows: 
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The transfer functions of current regulators d and q are as follows: 
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Transfer function of the closed DC voltage loop is as follows: 
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The transfer function of DC voltage regulator is as follows: 
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For example, closed current loops and closed DC voltage loop in Matlab/Simulink are shown in Fig. 3 and Fig. 4. 
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Fig. 3. Closed current loops in axes d and q of AFE rectifier 
Fig. 4. Closed DC voltage loop of AFE rectifier  
Conclusions 
The mathematical description of AFE rectifier as an object of controlling allows us to conclude that it is complex 
nonlinear system. The AFE rectifier has been considered as a two-dimensional linear object, and the synthesis of 
regulators have been carried out by the step-by-step correction principle. Control system should be set based on the 
linear model for referents operation conditions.  
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